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. VERIFICATION OF THE RTCC IM OPTICS COMPUTATIONS
FOR FIRST MANNED IM MISSION

By Troy J. Blucker

SUMMARY

This note contalns the formulatlon for verification of the Real-Time
Computer Complex (RTCC) IM optics computations which are provided to
determine if correct inertial measurement unit (IMU) stable-member align-
ment has been attained during the first manned IM mission. The calcula-
tions serve the following functions.

1l. To determlne the allgnment optical telescope (aoT) shaft and
trunnion angles of a given star in the field of view.

2. To determine the retlcle coordinates of a given star in the
ciewman optical alignment sight (COAS) viewfield.

INTRODUCTION

After each aligmnment of the IM IMU stable member, the RTCC can
determine if the new alignment is correct based on onboard star sightings.
A program written by the author and George Austin of Analytic Mechanics
Associates is now available to verify these computations. This is
accomplished by an independent computation of star sighting angles and
viewfield coordinates of stars with respect to instrument reticle patterns
for the two optical instruments, the AOT and the COAS, currently planned
for the IM. The program is capable of calculating the following:

The sheft and -trunnion angles of a glven star 1n the AOT fleld
of view.

’

2. The reticle pattern coordinates of a glven star in the COAS
field of view.

Addltlonal pertinent applications of this program are to verify star
identification during navigation sightings, to aid the astronaut in
sighting stars in the field of view, and to prov1de an important emergency
backup mode for manual spacecraft alignment and attitude contnol.



SYMBOLS
MU inertial measurement unit
ﬁ unit vector in direction or arbitrary vector R
g* unit vector in direction of star
XNB’ YNB’ ZNB axes of spacecraft navigation base coordinate system
Xg» Yg» Zp axes of spacecraft Sody'coordinate system
L ) unit vector in direction of optical instrument
vline of sight
COAS - crewman optical aligﬁment sight
AOT alignment: optical telescope
EL elevation of star in COAS viewfield
SXP ' star X position in COAS viewfield
Sh shaft angle of AOT
Tr . trunnion angle of AOT
ECT earth centerediineftial-

ALIGNMENT OPTICAL TELESCOPE

The AOT is a unity power telescope with a 60° field of view and has
three sighting positions as shown in figure 1; the 0° position is in the
X-Z body plane and 45° above the Z axis, the other positions are 60° to
the right (+60) or left (-60) of the 0° position. The function of the
AOT is to supplement the rendezvous radar by measuring azimuth and
elevation angles to stars for alignment of the IM JMU stable member
(ref. 1). The AOT shaft and trunnion angles are illustrated in the reticle
pattern in figure 2 and may be thought of as the rotation required about
the instrument line of sight to put the heavy upper reticle line on the
star and the angle from the center of the viewfield to the star
(ref. 2), respectively. :
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Figure 1.- AOT view-field coverage.
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Figure 2.- AOT shaft and trunnion angles.




' Location of Star in AOT Viewfield

The AOT shaft and trunnion angles which define the position of a
star in the viewfield are calculated assuming the following are known:

1. The celestial orientation of the star.

2. The orientation of the spacecraft IMU stable member in inertial

3. The IMU gimbal'anglesa.

The calculations are made in the spacecraft body coordinates which
are the same as navigation base coordinates for the IM.

If the AOT field of view is extended to the celestial sphere, the
shaft and trunnion angles of a star are defined as illustrated in figure 3
when the instrument is in the 0° forward position.

The calculation of each star appearing in the AOT field of view is
as follows: _

Assuﬁe: L AOT line-of-sight unit vector
S star line-of-sight unit vector
6 ' a@gle between S and XBODY
Tr AQOT trunnion angle
Sh AOT shaft angle

The trunnion‘angle is simply
Tr = cos”!(L - é)
From spherical trigonometry,
cos 8 = cos U5° cos Tr + sin U5° sin Tr cos Sh.

so that the shaft angle is

cos ~1]cos & - cos 45°% cos Tr
sin 45° sin Tr

Sh =

&The IMU gimbal angles define the attitude of the IM spacecraft with
respect to the IMU stable ménmber orientation which remains fixed in inertial
space.
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X BoDY 453°

Figure 4.~ AOT angles on celestial sphere in + 60° position.




where ’
6 = cos }X * 8)

For the right and left positions of the AOT, the formulation is

slightly changed as the instrument line of sight (L) is no longer in the
body X-Z plane. For the right (+60°) position, the star shaft and trunnion
angles are defined in figure 4 as projected on the celestial sphere.

The calculation of each star appearing in the AOT viewfield when in
the right position is as follows:

The trunnion angle is again simply
Tr = cos (L + S)

From spherical trigonometry,

cos 6 = cos § cos Tr + sin § sin Tr cos Sh

P

Pu

.yﬁffan;e*betw én L and Xy

Then the shaft angle is

~'SHI='cbs—1‘c°s 6 - cos 6 cos Tr
sin § sin Tr ‘
where
= cos”1(8 * X
0 = cos (S XBODY)
and

o
n

os”H(L + Xgony)

The formulation of the star shaft and trunnion angles with the AOT
in the left (-60°) position is identical to that of the right (+60°)
position. It would be necessary, however, to determine in which of the
viewing positions the star would be visible in addition to the necessary
shaft and trunnion angles. This can be done by computing the unit vector

of the line of sight for each viewing position (L). A check is then made
on the angle between L for each position and the unit vector along the

line of sight of the star (8). The star is visible to the AOT in the
correct position when

cos ML ° é) < 30°

'for each L.



The trunnion angle is always positivé and not greater than 30°,
that is,

0° < Tr < 30°.
The shaft angle is positive and not greater than 360°, that is,
0° < sh < 360°.

Since the cosine quétion is used to compute the shaft angle, the
computed angle will be

-180° < Tr < 180,
bﬁt this may be corrected by
Sh = 360° - Sh
when Sh has been computed to be negative.
- COAS Reticle Pattern Coordinates of a Star

) The COAS is a 10° field-of-view instrument with one degree of freedom
termed EL (elevation) in the LM optics support table. It can be mounted
on the commender's side in either the overhead window (X-axis mount) or
the forward window (Z-axis mount).

When mounted in the overhead window, the instrument line of sight
can be rotated about an axis parallel to the IM Y axis from a zero
position parallel to the IM +X axis, 35° toward the IM +Z axis, or 5°
toward the IM -Z axis. A positive EL is toward the -Z axis and a
negative EL is toward the +Z axis (fig. 5).

The EL rotation will place a target on a reticle cross line which
is parallel to the axis of rotation of the COAS. The position on this
reticle line is referred to in the IM optics support table display as SXP
(star X position). A reticle line position toward the LM +Y axis will be
vositive and toward the -Y axis will be negative. SXP ranges between +5°.

When COAS is mounted in the forward window, the instrument line of
sight can be rotated about an axis parallel to the IM X axis 40° to
either side of a zero position (fig. 6). The zero position is 30° from
the +Z axis toward the -Y axis. EL is positive toward the IM -Y axis
and negative toward the +Y axis. A line of sight parallel to the’

IM +Z axis has a -30° EL. A positive SXP is toward the LM +X axis and
a negative SXP is toward the LM ~X axis (ref. 3).
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Figure 5,- COAS forward window mount (X-axis) (target at infinite distance).
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Figure 6.- COAS forward window mount (Z-axis) (target at infinite 'distance).
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. The coordinates of a star with respect to the COAS reticle pattern
are calculated assuming the following are known.

1. The celestial coordinates of the star that is sighted with the
COAS. : : oo

‘ , |
2. The orientation of the spacecraft IMU stable member in inertial
space. ' :

3. The IMU gimbal angles.
4. The mount or viewing position of the COAS. '

If the COAS field of view is extended to the celestial .sphere, the
star appears in the reticle pattern as shown in figure T, and the view-
field coordinates are determined as illustrated in the enlarged part of
the viewfield (fig. 8). : ’

Assume the COAS is positioned on the X axis. Let ¢ be the arc between
the star and the center of the viewfield on the celestial sphere; then

e = cos (S, * L)
where S, and'L'are the unit vectors to the star and the COAS-line of
sight, respectively.

Let y be the arc between the star and the Z axis on the celestial
sphere; then g '

Yy = cos (8, ' Z)

Let o and 6 be the angles as illustrated in:figure 8.

182

5y

are the X and Y components of S, in navigation base

o = tan

where Sl and 82

coordinates. Then from spherical trigonometry

6 = sin”} sin y sin o
" sin e
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Figure 7.~ COAS field of view on celestial sphere,

Figure 8,- Enlarged COAS reticle pattern,
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Let

8§ =90° - 9 if 6 < 90°

§ =6 - 90° if 6 > 90°

Finally, from spherical trigonometry

EL = sin ![sin & sin ¢]
= -ilcos ¢
SXP cos [cos EL ]

If the COAS is positioned on the Z axis the computations for SXP and
EL differ only slightly from those for the X-axis position. For this

position the unit vector along the Z axis (Z) is substituted for the unit
vector along the X axis (X) in the computation, and the unit vector along
the X axis (X) is substituded for the unit vector along the Z axis (Z)
Then changes would be., ‘

€ = cos 1(8, + Z)

;78 cos—l(é*'- X)
and S
a = tan ! —_—
(3 + ¥
where Si, Sz, Sé are the components of é* in navigation base coordinates.

Also, since the null Z position of the COAS is offset as illustrated in
fiugre 6, the computed EL angle (which was computed as if the null
position was along the Z axis) is altered by subtracting 30°.

PROGRAM

Table I defines the input information and sequence that would be
necessary for this program. It is possible to assemble as many of these
data stacks as desired if the order is maintained and an ENDCAS card
following each case.
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Table II illustrates sample listings of the output for'the program.
The headings in the output listing are defined as follows:

Alpha, Beta, Gamma: Inner, middle and ocuter IMU gimbal angles

Gimbal Angle Matrix: Rotation matrix from IMU stable member to LM
body coordinates.

Refsmmat: Rotation matrix from earth-centered inertial
(ECI) to IMU stable member coordinates.

Star Name: LGC star catalogue name

Star Number: LGC star catalogue number
RJA.: . LGC star catalogue ECI right ascension °
Declination: LGC star catalogue ECI declination
SPX: Star X position in COAS viewfield
FL: Star elevation in COAS viewfield
Zero, +60, =60
position: ig;ward, right, and left viewing position of

Shaft, Trunnion ;
Angles: AOT shaft and trunnion angles

The program has been coded in FORTRAN IV for use on the IBM 7094,
A listing of the program along with sample input data is given in table III.
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‘TABLE II,- PROGRAM QUTPUT

-GIMBAL -ANGLFS ARE S
ALPHA =4 C,G0NONTTN0 72 BETA =y 0,907NTAAND N2 -GAMMA = N,33003000D N9

- -GIMBAL ANGLE MAJRIX U PR SO . e e e
N, ANQ14ET76GD-2" Cytornecenp M ="e855811751D-16

o =W BOCLCCOCR 2D 2,4873408T0=15 . f.86602540D 00
N, 86£r2840D0 00 Ne27755574D-15 NeSAr0ANND 00

.17 CrnArng Ny Ce A
S P G s 2010CTCLR0D DY L e
. : "o V10000000 M)

__STAR NAME __ NUMBER, _ ReAa . _____ DECLINATION.

TEST222 - 222 "4437S7F0OD GY =N,977666670 N oo T
. _USE +2 FCR COAS AXIS . . . . - . I
TTSPX = 7,27776C8SD Y FL = 75'.33?7372?6“65”"' R T T
__. STAR [S_NGY VISIBLF TO AQT. _ e "“"“’ ‘ - ] R
TUUSTAR MANME T NUMBRRy U RUAL T T BEeLtnaTToN T T

TESI3'9 319 . n,3564n N3 0,66BN5566D O}
" USE +Z FCR CCAS AXIS T T T
T GTAR IS NCY VISIBLE YO AGT T T e T




TABLE “1I.- PROGRAM OUTPUT - 'Concluded,

[

ALPHA =, 0,3000000ND 02 BETA =, 0.5000909700D N2 GAMMA = 0,4N00NC02D 02

. GIMBAL ANGLE MATRIX

0.55667C4CD 90 N T6604444D NN -0.321393800‘06,

-N,18681L76D a0 n,492403880 09 0,850082440_ 0N
N 809456490 NN -N,413175910 00 0.41721201D N0
REFSMAT o : —
-0, 8154354C0 "0 -0.5713183nD 00 1.930260500-91
-0,55869010D an N0.81885640D 00 N.131679800 N0
~0e15140600D M0 0,5540439nD~-n1 -N.98691760D 00 _
STAR NANE NUMBER, ReBa DECLINATION

TESTSTAR ¥ 1909 N.17684583D 93 - 0,147563890 02

USE +X FCR COAS AXIS : — e

SPX = (,43115837D N1 EL = -0.19542C15D N2

USE ZFRC INDENT

SHAFT ANGLE = (.940]19350 %1 TRUNION ANGLE = Nn,308498790 N3

STAR NAME NUMBERy R.A.. DECL INATION

TESTSTAR 2 2non 0183525000 €3 ~N,17358889D0 02

NOY VISIBLE TO CCAS —

USE ZFRC INCENT i
_.SHAFY ANGLE = N.895262760 22 TRUNION ANGLE = ,.21557877D 03
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TABLE III.- SAMPLE PROGRAM LISTING

DOULLE PRECISION RMAT(3:3)s GA(S:B)'SI(S)vSN(S)oTEMP(S)'Tl(SOS)

T, PTsCRAD s ALPHATBET +GAMMA ¢ HRS » ANIN9 SECIDEG ¢ DMIN DSEC ¢ RAD ¢ DECO » RA #
2 DECoEPS»GAMPALP 9 ARGLeSCVrARG2pRIARGI»SPXoEL/HYP Xl.oYLyZ2LsCOTReRO»

C 3 YZANGSHe TR T2(3+3) »3ETA

_DATA ENuCAS/6HENDCAS/

INTEGER ENUCAS
RA = RIGHT_ASCENSIUN : R

OO0 0000

1

DU B8 K=103

. KMAT

LEC = DECLINATION
INPUT REFSMAT TU CONVERT TU NAVBASE

INPUT GIMBAL ANWGLE MATRIX
REFSMAT MATRIAX

GIMuAL ANGLE MATRIX
STAR POSITION VECTOR = ECI

HHIHI!

ETAR POSITION VECTOR = NAVBASE
PI =3, 141592653589793D0

CRAD 2PL/LA0U.L0
InkUT @IMBAL ANGLES [N DEGRELES

CONT Liwle
REAU(DPLD) ALPH&'GLTAOQAMMA

TFORMAT{3D15 6]
SEi1 P GIMoAL ANGLE HATRIX

6A(L91)SUCUSIALPHASCRAL) o T
GALLs2)3UL0
GA (L9 3)=0SLN(ALPHARCRAY)
GAL2 '-L)—U.U

GA(2e2)=1,u
GAl(cr )= OQU

GALIrL)S=GA(Le )
LA(312)30,u
GA(3r3)=GA{Lr1)
T1(1e1)=DCOS(BLTAXCRAD)

Title2)==0sln(GaTARERAD)
Titir3)=ueV

Titeel)z==TitLr2)
T4(202)2T2(1r1)
T1(93)=0.,0
T1(3¢1)=0,0

Ti(adi=u, U
T1(35:3)=1.

Lo 5 I=1'3
LO L J=103

T2(Ly=0.0 ~- P
00 3 K=103

T SCATTRYFTITIRTITHTZ2(1H ) ™
Tl(lel)=1lev

T(1,2)=040 : ' e o
TL(4e3)=06v

Ti(eed)=0,0
Ti(2r2)2DCUS(GAMMARXCRAL)

TIUEy3) Z<DSINTGAVRARCRADY ~ 777
Ti(3r1)=0e0

TLIS2)E=T1{e3y 1 — 77 7 .~ T
Tl($v3)-fl(402)

L0 o 15103
DO o JZLe3

AL ITE Gy -
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_TABLE III.- SAMPLE PROGRAM LISTING - Continued. .~

8 GA(JvI)-T2(IoK)*Tl(KnJ)+GA(JoI)

READ{(5¢15) ((RMAT(I+J)eJS1,3) 1= 1,3)
WRITE(629)ALPHABETA»GAMMA - i

9 FORMAT(18H1GIMBAL ANGLES ARE/9H ALPHA =:D15, 8¢8H BETA -0015 8¢
1 8H GAMMA =»D15.8///) .
WRITE(6025) ((GA(IrJ)eJ=1:3)e1I=1,3)

25 FORMAT(20H GIMBAL ANGLE MATRIX/3(3020.,8/)//)
WRITE(6035) ((RMAT(I¢J) e J=193)01=193) :

35 FORMAT( 9H REFSMAT /3(3D20,8/)//)
40 REAU(5'27)NAME1'NAMEZ!NOIHRS!AMINDSECPDEG'DMIN'DSEC

27 FORMAT(2A6¢15/U5.2005.2+010, 5+05.2005¢2/D10.5)
IF (NAME1,.EQ, ENDCAS) GO T0 1

RAD =15,000% (HRS+AMIN/60,0D0+4SEC/3600,000)
DECD =DEG+OMIN/60,000+DSEC/3600,000 —

WRITE(6+29)NAMEL1»NAME2»NOyRAD»DECD
29 FORMAT(//

1 10H STAR NAME»SX»8H NUMBERe 3Xe5H ReAsr10Xr12H DECLINATION/
o 1 1H '2A003XvIJOSXDIJ.803X0015 8///7) R
RA =RAU*CRAD
___DEC __=DECD*CRAD

COMPUTE INERTIAL UNIT VECTOR
. Sitl) =DCUS(DEC)*DCOS(RA)

SI(2) =DCOS(LEC)*DSIN(RA) -
51(3) =DSIN(DEC) '

s asumrg BY REFSMAT
DO 00 [=103

TEMPTI)-O (i I
DO 60 J=1:5

60 TEMP(I)=TEMP(I)+kMAT(I¢J)* SI(J)
C ROTATE 3Y GIMBAL ANGLES

DO 70 I=1s5
_SN(I) =0.u

DO 70 J=1+3 .
70 SN(I) =SN(I)+ GA(I,J)*TEMP(J)

C TEST FOR COAS VISIBILITY
S IF(UABS(SH(2))=DCOS (56 UDOXCRAD) ) 801090109

C STAR w{THIN FIVE DEGREES OF THE X=Z PLANE
80 IF(SN(3))84,82,82

a2 IF ( ARCOS(S5N(1))=35,0DU*CRAD)1009100,109
84 . IF{. ARCOS(SN{1))=5,000%CRAD)1007100,109

C ' USE X=aAXIS
100 EPS ARCOS(SN(1))

GAM ARCOS(SN(3))
AP . =DATAN(SIN(2)/SN(1))
ARGL  =USIN(GAM)*DSIN(ALP)/DSIN(EPS)
_ SCv =USD0*PI-DABS( ARSIN(ARG1))
ARGZ2 . =DSIN(SCV)*0SIN(EPS)
~ e K =SN(3)*DABS( ARSIN(ARG2)/SN{(3))
ARG SOCOS(EPS) 7UCOS(R)
_SPx_ =SN(2)*DABS(_ ARCOS{AKG3)/SN(2))/CRAD
IF(SN(2))101r1020102
1ul SPX  S=DAAS(SPX)
GO Tu 103
102 SPX_ = DAUSISPX)
103 EL = R/CRAD
o o IF}bN}QZ)lU4vluﬁvlub
194 tl . = DA3SL(EL)
, 60 10 107
1u6 el ==DABS(EL)

197 WRITE(6,105)




TABLE III.- SAMPLE PROGRAM LISTING - (Continued'

c

105 FORMAT(21H USE +X FOR COAS AXIS///)
60 TO 144

109 IF(UABS(SN(1))=~uCOS (85, DOXCRAD11115+115s150

STAR WITHIN & DEGREES OF Y=2 PLANE

115 IF(SN(2))125,1168,110
i1ie IF( ARCOS(SN(3))=10,00%CRAD)1

£

3001500150
125 IF( ARCOS(SN(3))=70,00%CRAD)130,150,150
USE_Z=AX]S. . R

130 EPS = ARCUS(SN(J3))
GAM = ARCOS(SN(1))

HYP ZDSURT (SN(1)*SH(1)+S5iH(2)%SN(2))
ALP  ZDATAN(HYP/SN(3))

SCV T T Z0,500%PT=DALS( ARSIN(DSIN(GAM)*DS!N(ALP)/DSIN(EPS)))
. R SSN(1)*DABS( ARSIN(DSIN(SCV)*DSIN(EPS))/SN(1))

TF(SN(L)Y12101220122
121 SPX ==DABS(R)

GO TO 124
122 SPX = DABS(R)

Tldd EL TTZSN(2) *uABS( ANCOS(UCOS(EPS)/DCOS(SPX))/SN(Z))/CRAE

U LF(SNIR2) ) 12601270027 _
120 EL =DABS(EL)
6Q Tu 128
127 EC ==DABS(EL) -
128 EL SEL=30,00 '

= PR = SPXJCRAD "
WRITE(0r135)

I35 T FORMAT(21H USE +2 FOr COAS AXTIS777)

14U WRITE(ur 145)5SPXeEL

T45 7 FORMAT {8 SPX =rD10.0¢5H EL =e016.8777)
60 Tu 23U

130 T wWRITE(oriSSy 7 77 o
152 FURMATI20H NOT VISIBLE TO COAS///)

C BEGIW AOT o
230 «LY =0
B ¢ T=OSURT (2. D) %0, 500
YL = Q.U L
"L mLSERT(R2,00)%0.500° T T
COTR = AL®SN(1)+ZL¥SN(3) - - e
‘RO = ARCOS(COTK)
IF (RO=30.,U0%CRAD)Z250:2409240
- 240 YL =0SuURT (o, LT)*0.<5D0
L SUSGRT(2.D0)*0.25D0

¢

_c

TTUYZaig =UATAR(SN(ZYZSNI3YY T T T T e
COTi = AL®SN(L)I+YL*SWN(Z) +ZL*SN(3)

TROTTT = ARCOS(COTH)
1F (RO-Z”U.uU*CRI\D)dva&“JnZ"&S

245 YL = =YL
Coln = KL*SN(1)+YL*SH(2)+ZL*SN(3)

T KO T3 ARCUS(COTH)
CIF (RO=Z0.00%CRAG) 27095000300

USE” ZERO TWGENT FOr ADT
25V WR1TE(oe25H)

255 '_V'Vﬁf\”ﬂ'i\" T8 GSE ZERC TIOENTY ™
=0.u
o fFTaN]?))&S7ri§U'£9U TormTmm o T
‘37 ‘LY - 1 i e m— bt — b0 o - —. — . [ep—
GO T 2%

USE. +60  INUENHT FOR AOT

T 260 "WRITE(672657
_ ¢Bd FORMAT(15H USE +60 INDENT///)
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__TABLE III.- SAMPLE PROGRAM LISTING - .Concluded ..

SH

= 60,
1F (YZANG-PI/3 00012670290+ 290
267 KEY =1
N 60 T0 290
c : USE =60 INDENT FOR AOT
270 WR1TE(60:275)
275 FORMAT(15H USE -60 INDENT///)
_ : SH ==60,0
IF (PI/3.00=-Y2ANG)277+290,290
277 KEY =1
290 SH = ARCOS((SN(1)-COTR*XL)/(XL*DSIN(RO)))/CRAD*SH
. IR =RO/CRAD*12.000
IF(KEY) 29202924291
B 291 ' SH =360,D0=SH
292 WRITE(69295)SH» TR
295 FORMAT(14H SHAFT ANGLE =sD16.8+16H TRUNION ANGLE =+D16.8)
60 TO 40
300 WRITE(6/305) _
T 305 FORMAT(27H STAR IS NOT VISIBLE TO AOT)
GO TO 40
ENU
]
30,0 50.0 40,0
 =¢8154394 -.5713183 +0930260
~.5586901 «8188504 v1316798
=el1514060 00504043 ~+9869176
TESISTAR -3 19 L1l #7. -23. 14, 45, 23.
- TESTSTAR- -2 20 12. 14 6 =17, =21, =32,
ENDCAS
30,0 50,0 40.0
-0 8226739 =.5640871 0641107
= 5488742 «8185725 11693405
-s1481376 01041233 =,9834702
TESTSTAH 3 19 11.-.47., 23. 14, 45, 23,
TESTSTAK 2 20 12. 14, 6e =17. =21, =32,
 ENUCAS o .
0. "360.0 0.0
 a9451998 -4 3U75566 1095721
~.28773% =.9432868 =+1655770
«1542823 1249751 -,96800908
"TESTSTAR 5 2 0. 41, D56, =18, =~10. =3,
__I_gSTSTAR o 4 1. 36¢ 29, =57. =24, =15,
ENDCAS o
G 360,0 0.0
«0 9999999 «0
<0 .0 9999999
TESTSTAR 7 1 0. 6. 41. 28, 54, 30,
TESTSTAR & 3 0. S4, #2. 60. 32, 19.
. ENUCAS -
10,0 30.0 20,0
29999999 0 o0
o0 o9999999 «0
.0 .0 9999999
7 TESTSTAR 9 1 0. 6. ul, 28, 54, 30,
TESTSTAR iU 3 U, 54, 42, 60. 324 19,
TENDCAS T T T
0.0 360.0 0.0
T B4356 4822670 =.2176093
~o 4007026 03314818 =.8513006
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